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(54) COMMUNICATION SYSTEM, COMMUNICATION CONTROL METHOD, AND COMMUNICATION 
CONTROLLER 



(57) In a communication system according to the 
invention, a communication control apparatus 10 is dis- 
posed in a mobile object 10-1. The communication con- 
trol apparatus 10 is means for relaying information 
exchanged between a plurality of radio terminals 11 -j Q 
= 1 to k) carried into the mobile object 10-1 and a net- 
work side. The communication control apparatus 10 
comprises a communication control server 10a which 
performs establishment of a radio channel between it 
and a base station 12-j at the network side, and estab- 
lishment of a radio channel between it and a radio termi- 
nal 1 1 -j according to a communication request from the 
radio terminal 1 1-j, and a communication unit 10b which 



performs a radio communication with the radio terminal 
and a radio communication with the base station, using 
each radio channel established by the communication 
control server. The communication control server 10a 
has an agent function for providing an alternative 
means such as a communication reservation or a 
packet transmission to a user of a radio terminal in case 
that it cannot establish a radio channel between it and 
the base station corresponding to a communication 
request at a point of time when it has received the com- 
munication request from the radio terminal. 
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Description 
Technical Held 

[0001 ] The present invention relates to a communica- s 
tion system, a communication control method and a 
communication control apparatus for performing com- 
munication by wireless between a radio terminal and a 
network. 

10 

Background Art 

[0002] in recent years, mobile radio communication 
services spread and a word "mobile computing" also 
has taken root in general. A mobile computation being is 
in wide use at the present time is performed by connect- 
ing a personal computer through an adapter to a porta- 
ble telephone subscribing to a mobile radio 
communication service. Figure 1 1 shows an embodi- 
ment of a communication system in which a mobile 20 
computation of this kind is performed. 
[0003] In Figure 11,1-1 designates a mobile station 
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of a personal computer 1a, a radio terminal 1b, and an 
adapter 1c for connecting both of them with each other. 25 
The radio terminal 1b designates a radio terminal sub- 
scribing to a mobile radio communication network serv- 
ice, and is a portable telephone for example. 
[0004] 2-1 to 2-h designate base stations of a mobile 
radio communication network, and each of them per- 30 
forms communication through a radio channel with the 
radio terminal 1b. 3 designates a mobile radio commu- 
nication switching control means having a function as a 
mobile radio communication switching station and a 
function as a mobile radio communication control sta- 35 
tion. 4 designates a public network The mobile radio 
communication switching control means 3 is connected 
with this public network. 5 designates a LAN of a corpo- 
ration for example and is connected with the public net- 
work 4. 4Q 

[0005] In the configuration descrfoed above, when a 
user Originates a call from the personal computer 1a 
through the radio terminal 1b to a desired service 
access point, a radio channel is established between 
the radio terminal 1 b and one of the base stations 2- 1 to as 
2-h under control of the mobile radio communication 
switching control means 3, and a channel for linking the 
base station and the desired service access point with 
each other is established. Using a communication chan- 
nel thus established, the user can receive an informa- so 
tion providing service from a provider through the public 
network 4 by means of the personal computer 1a. and 
can access a LAN 5 of a corporation. In this case, the 
radio terminal 1b provides a function as a modem for 
performing a radio communication with the base station ss 
to the personal computer 1a. 

[0006] Furthermore, a system is utilized in which a 
mobile station can be connected with a LAN or an Inter- 



net provider by accessing an interface to a network 
operator, and can receive an information service from a 
LAN and the like by means of packet transfer through a 
radio channel and the system is based on the same 
principle as the configuration shown in Figure 11. A sys- 
tem of this kind is disclosed by, for example, pp.6 to 9 of 
"NTT DoCoMo Technical Journal", July 1997 issued by 
NTT Mobile Communication Network. Inc. 
[0007] Thanks to such technologies as descrfoed 
above, a mobile radio communication service which has 
mainly provided voice communication services up to 
now is evolving to a service supporting not only data 
communication, particularly such data communication 
by telephone connection as a personal computer com- 
munication but also a LAN connection. 
[0008] It is thought that technologies utilizing a mobile 
radio communication network will develop to a radio 
LAN taken in a broad sense in which radio terminals can 
be connected with each other through a radio channel 
and can freely move over a wide area. 
[0009] In the future, however, in case of attempting to 
provide various communication services (data commu- 
nications, voice communications and the like) utilizing 
such a mobile radio communication network as 
descrfoed above, the following problems will happen. 

(1) Since a communication channel between a 
mobile station and a desired service access point 
includes a radio channel, in case that the radio 
channel is not good or the mobile station is not 
within the radio service zone of a base station, the 
mobile station cannot receive a communication 
service. In such a case, if a mobile station is within 
the sphere of daily action, a user can find out a 
communicable area and take a measure such as 
performing communication within the area or the 
like. However, when a user is moving by car or train, 
such a measure cannot be taken. 

(2) Particularly, when a user inside a high-speed 
mobile object such as a train on the Shinkansen 
Line or the like attempts to perform a data commu- 
nication, a circuit interruption is frequently caused 
during communication by influence of tunnels or 
opencuts Therefore, it is not possible to provide 
efficient and user-friendly services. 

(3) Furthermore, when a circuit interruption occurs 
frequently as described above and the number of 
incompleted calls is increased, an overhead opera- 
tion for connecting a call becomes useless as a 
result, and the efficiency of a communication sys- 
tem is lowered. 

(4) In order to build such a radio LAN taken in a 
wide sense as described above, it is necessary to 
always make an original LAN environment capable 
of being used as M is at a place to which a terminal 
(a radio terminal or a mobile station in this case) 
has moved even in case that each of terminals 
moves over a wide area. However, since a former 
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technology utilizing a mobile radio communication 
network is insufficient in agent functions, it is diffi- 
cult to make each radio terminal always utilize an 
original LAN environment at a place to which the 
radio terminal has moved. 6 

Disclosure of Invention 

[0010] The present invention is based on the consid- 
eration of such circumstances as described above, and 10 
an object of the present invention is to provide a com- 
munication system, a communication control method 
and a communication control apparatus which can pro- 
vide a user-friendly communication service to a radio 
terminal user even under a poor communication envi- is 
ronment. 

[001 1 ] In order to attain such an object, a communica- 
tion system according to the present invention disposes 
a communication control apparatus between a radio ter- 
minal and a network side. In a preferable embodiment, 20 
each radio terminal is carried into a mobile object and a 
communication control apparatus is arranged in 
advance in such a mobile object 
[0012] A communication control apparatus relays the 
exchange of information between a radio terminal and a 25 
network by performing a radio communication with the 
radio terminal and by performing a radio communication 
with a base station. 

[0013] The communication control apparatus is pro- 
vided with a communication control server for perform- 30 
ing a radio channel control between it and a radio 
terminal and for performing a radio channel control 
between it and a base station, and a communication 
unit for performing a radio communication with a radio 
terminal and a radio communication with a base station 35 
using radio channels established by the communication 
control server. 

[001 4] Main control functions included in channel con- 
trol functions provided by the communication control 
server are as follows: 40 
[0015] In case that a communication control server 
has received a communication request from a radio ter- 
minal and the server cannot rapidly establish a radio 
channel between it and the base station in response to 
the communication request, the server transmits a noti- 45 
fication indicating to reject the communication request 
to the radio terminal. 

[001 6] In another embodiment, in case that a commu- 
nication control server has received a communication 
request from a radio terminal and the server cannot rap- so 
idly establish a radio channel between it and the base 
station in response to the communication request, the 
server reserves the communication request. The server 
starts communication between the radio terminal and 
the network side when the server has established the ss 
radio channel. That is to say, in case that the server can- 
not provide a real time communication requested by a 
user, it provides an alternative means as the second 



4 

best measure. 

[0017] In a further other embodiment, in case that a 
communication control server has received a communi- 
cation request from a radio terminal and the server can- 
not rapidly establish a radio channel between it and the 
base station in response to the communication request, 
the server sends a packet transmission request to the 
radio terminal. When a packet has been transmitted 
from the radio terminal, the server stores the packet. 
The server transmits the packets thus stored to the net- 
work when it has established the radio channel between 
it the base station. 

[0018] Additionally to these, a communication server 
provides to a radio terminal such various agent func- 
tions as a control function and the like in case that it has 
received communication requests of plural kinds being 
different in priority from one another from radio termi- 
nals. 

[0019] According to the present invention, since a 
communication control apparatus performs a channel 
control between it and a network side instead of a radio 
terminal, load on the radio terminal side is lightened. 
Furthermore, it is possible to provide a user-friendly 
communication service in which a communication state 
between a radio terminal and a network side is hidden 
to a user of each radio terminal by means of agent func- 
tions provided in the communication control apparatus. 

Brief Description of Drawings 

[0020] 

Figure 1 shows the overall configuration of a com- 
munication system according to a first embodiment 
of the present invention. 

Figure 2 is a block diagram showing the composi- 
tion of a communication control apparatus of the 
same embodiment 

Figure 3 is a flowchart showing operation of a com- 
munication control apparatus of the same embodi- 
ment at the time of requesting communication. 
Figure 4 is a flowchart showing operation in mode 2 
of a communication control apparatus of the same 
embodiment. 

Figure 5 is a flowchart showing operation in mode 3 
of a communication control apparatus of the same 
embodiment. 

Figures 6 to 8 are flowcharts showing operation of 
variation examples of the same embodiment. 
Figure 9 is a block diagram showing the composi- 
tion of a communication control apparatus of a sec- 
ond embodiment of the invention. 
Figure 10 is a block diagram showing the composi- 
tion of a communication control apparatus of a third 
embodiment of the invention. 
Figure 11 shows the whole configuration of a 
former communication system. 
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Best Mode for Carrying Out the Invention 

A: First Preferred Embodiment 

(1) Configuration of this embodiment 

[0021 ] Figure 1 is a block diagram showing the config- 
uration of a communication system according to a first 
preferred embodiment of the present invention. 
[0022] A communication system according to this 
embodiment is composed of components at a mobile 
object side and components at a network side. 
[0023] First, components of a mobile object side are 
described. 

[0024] In Figure 1 , each of "lO-j" 0 = 1 to n) is a mobile 
object These mobile objects are, for example, such a 
passenger coach capable of accommodating plural 
radio terminals as a train on the Shinkansen Line or 
other railway vehicles, a bus and a passenger boat 
These mobile objects may be such a vehicle other than 
a passenger vehicle as an ambulance. 
[0025] A communication control apparatus 1 0 and one 
or more radio terminals 1 1-j (j = 1 to m) under the com- 
munication control apparatus 10 are arranged in each 
mobile object 10-j. 

[0026] Each radio terminal 11-j Q = 1 to m) can per- 
form an information transmission between it and a net- 
work side through the communication control apparatus 
10. The kind of information to be transmitted and the 
form of transmission between it and the network side 
are not limited in particular. That is to say each radio 
terminal can exchange various kinds of information 
such as voices, data and the like between it and the net- 
work side. Each radio terminal can perform an informa- 
tion transmission between it and the network side in 
various forms of a channel switching type traffic, a 
packet switching type traffic and the like. 
[0027] Each one of the radio terminate 1 1 -j (j = 1 to m) 
is carried by a passenger or the like into a mobile object 
10-j, and is a publicly known racfio terminal using an 
existing technology. Each radio terminal is for example a 
portable telephone using a PDC method, a device made 
up of a personal computer, a portable telephone con- 
nected and an adapter connecting them each other, or 
a PDA having a radio device built in it, but may be some 
device other than these. This embodiment can be 
implemented without applying any improvement to 
these radio terminals. 

[0028] This embodiment is mainly characterized by 
the communication control apparatus 10 to provide a 
user-friendly communication service (described later) to 
each user of a radio terminal even in a poor communi- 
cation environment 

[0029] This communication control apparatus 10 is 
composed of a communication control server 10a. a 
communication unit 10b. and a plurality of antennas 
10c-j Q = 1 to k) for communicating with radio terminals. 
[0030] The communication control server 10a has the 



following functions, a Mode 1 

[0031] In the mode 1, the communication control 
server 10a establishes at once a radio channel between 
the communication unit 10b and the network side in 

s response to a request from a radio terminal 11-j, and 
provides a communication service using this radio 
channel to the radio terminal 11-j. That is to say, in this 
mode 1 , the communication control server 1 0a provides 
a real time communication service to a user. In this 

10 mode 1 and in modes 2 and 3 described later, a channel 
between a radio terminal 11-j and the communication 
control apparatus 10, and a channel between the com- 
munication control apparatus 10 and the network are 
different from each other. A radio terminal 11-j does not 

is perform a direct access to the network side. 

b. Mode 2 

[0032] In the mode 2, in case that the communication 
20 control server 10a cannot meet a communication 
request from a radio terminal 1 1-j for a reason that a 
channel state between it and the network is not good 
and the like, it performs reservation for trie communica- 
tion request. When communication has become possi- 
25 ble, the communication control server 10a sends the 
reserved communication request to the network side 
and establishes a radio channel, and provides a com- 
munication service using this radio channel to the radio 
terminal 11-j. 

30 

c. Mode 3 

[0033] The mode 3 is a mode in which the communi- 
cation control server 10a exhibits its agent functions. In 

35 the mode 3, when the communication control server 
10a cannot meet a communication request from a radio 
terminal 11-j for a reason that a channel state is not 
good and the like but the radio terminal side needs the 
communication, the communication control server 10a 

40 accepts a packet transmission request. That is to say, 
the communication control server 10a reserves data 
packets from a radio terminal 1 1 -j in storing means such 
as a buffer or the like not illustrated, and transmits the 
data packets thus reserved to the network side, utilizing 

45 a period during which a channel state between it and 
the network side is good. 

[0034] One of the modes 1 to 3 described above is 
selected, for example, according to setting of a switch 
provided on the communication control apparatus 10. 

so [0035] In addition to such mode setting by a switch as 
described above, it can do also to set a mode according 
to the information for specifying the mode, the informa- 
tion being sent by wireless from the network side. Every 
mobile object does not have to be provided with a com- . 

55 munication control apparatus provided with the modes 1 
to 3, but some mobile object may be provided with a 
communication control apparatus provided with only 
one or two operation modes out of the modes 1 to 3. 
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[0036] Next, as shown in Figure 2, the communication 
unit 10b is composed of a radio terminal side interface 
unit 20, a network side interface unit 21 , and an antenna 
22. 

[0037] The radio terminal side interface unit 20 per- 
forms communication with a radio terminal (j = 1 to 
m) through one of the antennas 10c-j G = 1 to k). The 
network side interface unit 21 performs communication 
with the network side through an antenna 22. 
[0038] Next components of the network side are 
described. 

[0039] In Figure 1 , 1 2-j (j = 1 to m) designate base sta- 
tions of a mobile radio communication network. These 
base stations perform communication with the commu- 
nication control apparatus of the mobile objects 10-j Q = 
1 to n) or a mobile station other than these. 
[0040] 13 designates mobile radio communication 
switching control means which has a function as a 
mobile radio communication switching station and a 
function as a mobile radio communication control sta- 
tion. 

[0041 ] The function as a mobile radio communication 
switching station includes such controls as registration 
of position of a mobile object or a mobile station, track- 
ing telephone exchange, authentication at the time of 
data transmission, accounting and the like. 
[0042] The function as a mobile radio communication 
control station includes a channel control and the like 
between a base station and a mobile object and the like. 
[0043] The mobile radio communication switching 
control means 1 3 is connected with a public network 14. 
The public network 14 has LANs 15-j Q = 1 to n) con- 
nected with it 

[0044] In this embodiment each radio terminal in 
each mobile object 10-j (j = 1 to n) is connected with one 
of the LANs 15-j (j = 1 to n) of the network side if neces- 
sary, and is united with the LAN into one body to form a 
mobile LAN. As means for forming such a mobile LAN, 
the LANs 15-j Q s 1 to n) are respectively provided with 
mobile IP (Internet Protocol) agents 16-j (j = 1 to n) and 
the mobile radio communication switching control 
means 13 is provided with a mobile IP agent 17. 
[0045] Describing in more detail, this is as follows: 
[0046] Ordinarily, a terminal connected with a LAN 
recognizes its LAN environment and then receives a 
service provided through the LAN. Components of a 
communication environment of a LAN in this case are, 
for example, a method for giving an IP address, a name 
server advice, setting of a fireball, a proxy server 
address and the like. 

[0047] In order to make a terminal connected with a 
LAN be able to freely move, it is necessary to make the 
terminal be able to use its original communication envi- 
ronment as it is also in a place to which it has moved. 
[0048] A technology for solving such a problem is a 
mobile IP technology 

[0049] In a system shown Figure 1, the mobile radio 
communication switching control means 13 and the 



LANs 15-j Q = 1 to n) each are provided with a mobile IP 
agent. 

[0050] There is an IPinIP as a typical mobile IP of 
these mobile IPs. When a communication channel, for 

5 example, between the communication control appara- 
tus 10 of a mobile object 10-j and a LAN 15-j is estab- 
lished by a mobile IP of this kind, a radio terminal 1 1 -j in 
this mobile object 10-j can be connected through the 
communication control apparatus 10 to a LAN 15m of 

10 the network side, and thanks to this, communication 
between the radio terminal 11-j and the LAN 15-n can 
become possible. 

(2) Operation of this embodiment 

15 

[0051 ] Figures 3 to 5 are flowcharts showing operation 
of a communication control apparatus in this embodi- 
ment Operation of this embodiment is described with 
reference to these figures in the following, taking as an 
20 example a case where a radio terminal 1 1 -j in a mobile 
object 10-j originates a call in order to perform connec- 
tion with a LAN 15-1. 

[0052] First, as shown in Figure 3, a communication 
request is outputted from the radio terminal 11-j (step 
25 S1). This communication request contains the address 
of a service access point which is an entrance of the 
LAN 15-1. 

[0053] When the communication control server 10a , 
receives this communication request (step S2), it out- 
30 puts a status inquiry to the communication unit 10b 
(step S3). 

[0054] When the communication unit 1 0b receives this 
status inquiry (step S4), it detects a communication sta- 
tus, namely, whether or not a good radio communication 
35 can be performed with the network side, and sends a 
response containing a result of it to the communication 
control server 10a (step S5). 

[0055] When the communication control server 10a 
receives the response from the communication unit 10b 
40 (step S6), it judges whether or not communication can 
be performed (step S7). 

[0056] In case that the communication control server 
10a has judged that communication can be performed, 
it performs a process for establishing a channel (step 

45 S8). That is to say, it generates communication request 
information for requesting connection with the service 
access point. Next, the communication control server 
10a establishes a channel reaching the service access 
point by sending this communication request informa- 

so tion through the communication unit 10b to a base sta- 
tion of the network side (step S10), and sends a 
communication request response to the radio terminal 
11-j (step S9). The communication unit 10b which has 
received the communication request response starts 

55 data communication with the LAN 1 5-1 (step S1 1). 
[0057] On the other hand, in case that the communi- 
cation control server 10a has judged that communica- 
tion cannot be performed in step S7, it performs a 
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process corresponding to a mode set at the present 
time (step S13). 

[0058] First, in case that mode 1 is set the communi- 
cation control server 10a rejects a communication 
request from the radio terminal 11-j (Step S14), and 
. issues a rejection of communication request to the radio 
terminal (step S15). As a result the radio terminal 
side ends processing the communication request. 
[0059] Next it is assumed that mode 2 has been set 
when it judges that communication cannot be per- 
formed in step S7. Operation in this case results in fol- 
lowing a flow shown in Figure 4. 
[0060] First, the communication control server 10a 
performs reservation of the communication request 
(step SI 6), That is to say, in order to prepare for an 
opportunity of transmission being expected to come 
after that it stores the communication request informa- 
tion containing the address of the service access point 
[0061] Next the communication control server 10a 
outputs a status inquiry to the communication unit 10b 
(step S17). 

[0062] When the communication unit 1 0b receives this 
status inquiry (step SI 8), it detects a communication 
status and sends a response containing the detected 
communication status to the communication control 
server 10a (step S19). 

[0063] When the communication control server 10a 
receives this response (step S20), it judges whether or 
not communication can be performed (step S21). 
[0064] In case that the communication control server 
10a has judged that communication can be performed, 
in the same way as steps S8 to S10 in Figure 3 
described above it performs a communication request 
process for establishing a channel (step S22), transmis- 
sion of a communication request response to the radio 
terminal 11-j (step 23), and transmission of a communi- 
cation request to the communication unit 10b (step 
S24). 

[0065] The communication unit 10b which has 
received the communication request response starts a 
data communication with the LAN 15-1 (step S25). 
[0066] On the other hand, in case that the communi- 
cation control server 10a has judged that communica- 
tion cannot be performed in step S21. it performs again 
reservation of the communication request to the com- 
munication unit 10b. 

[0067] Following this, until it is judged that communi- 
cation can be performed a process from step S17 to 
S21 is repeated. 

[0068] Actually, a timer (not illustrated) starts clocking 
in response to a communication request from the radio 
terminal In case that it is not judged that the com- 
munication request can be accepted by the time when 
this timer ends clocking, the communication control 
server 10a rejects the communication request and 
issues a communication request incompletion notifica- 
tion to the radio terminal 1 1 -j at the timer end timing. 
[0069] Next it is assumed that mode 3 has been set 



when it is judged that communication cannot be per- 
formed. Operation in this case results in following a flow 
shown in Figure 5. 

[0070] First the communication control server 10a 
5 sends a packet transmission request to the radio termi- 
nal 11-j (step S26). 

[0071] When the radio terminal 11-j receives this 
packet transmission request (step S27), it transmits a 
packet to the communication control server 10a (step 
io S28). 

[0072] When the communication control server 10a 
receives this packet it stores this packet into such stor- 
ing means not illustrated as a buffer and the like (step 
S29). 

75 [0073] Then the communication control server 10a 
performs reservation of a packet transmission channel 
for the radio terminal (step S30). That is to say, the com- 
munication control server 10a starts performing a proc- 
ess of establishing a radio channel for transmitting a 

20 packet from the radio terminal 11-J. 

[0074] First, the communication control server 10a 
outputs a status inquiry to the communication unit 10b 
(stepSSI). 

[0075] When the communication unit 1 0b receives this 
25 status inquiry (step S32), it sends a response contain- 
ing a communication status to the communication con- 
trol server 10a (step S33). 

[0076] When the communication control server 10a 
receives the response from this communication unit 1 0b 
30 (step S34), it judges whether or not communication can 
be performed (step S35). 

[0077] In case that the communication control server 
10a has judged that communication can be performed, 
the communication server 10a establishes a radio chan- 

35 nel between it and the network side for the radio termi- 
nal 11-j having the packet transmission channel 
reserved and transmits a packet from the radio terminal 
11-j which packet is stored in the storing means to the 
network side (steps S36 and S3 7). 

40 [0078] Then, the communication control server 10a 
issues a packet transmission completion notification to 
the radio terminal 1 1 -j (step S38), and the radio terminal 
11-j recognizes the packet transmission completion 
(step 39). 

45 [0079] On the other hand, in case that the communi- 
cation control server 10a has judged that communica- 
tion cannot be performed, it performs again reservation 
of a packet transmission channel for the communication 
unit 1 0b (step S30). After this, a process of steps S30 to 

so S35 is repeated until it is judged that communication 
can be performed in step S35. 
[0080] Accorcfing to this embodiment described 
above, the following effects can be obtained. 

55 a. Since a communication control apparatus dis- 
posed in a mobile object performs a channel control 
between it and a network side instead of each radio 
terminal in the mobile object, load on the radio ter- 
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minaJ side is lightened. For example, in case that a 
radio terminal is used inside a mobile object in this 
embodiment, it is possible to reduce the transmis- 
sion output of the radio terminal to about 1/100 of 
that of a former radio terminal and suppress con- 
sumption of a battery. 

b. Thanks to an agent function of a communication 
control apparatus, K is possible to provide a user- 
friendly communication service where a communi- 
cation status between a user terminal and a net- 
work side is hidden to each user of a radio terminal. 

c. Since a useless call to a network side which 
becomes an incompleted call is suppressed, an 
overhead operation of the network side can be 
reduced. Furthermore, the completed -call probabil- 
ity is improved and a radio channel is effectively uti- 
lized. 

(3) Variation examples 

[0081 ] Variation examples of the first embodiment are 
described in the following. 

( First variation example) 

[0082] This variation example is obtained by replacing 
the flow of Figure 3 in the first embodiment with a f tow 
shown in Figure 6. The steps shown also in Figure 3 out 
of steps shown in Figure 6 are given the same step 
numbers as those given in Figure 3. Since, the steps 
prior to step S13 in Figure 6 are the same as those 
shown in Figure 3, illustration of them is omitted. 
[0083] In this variation example, a user can send plu- 
ral kinds of communication requests from a radio termi- 
nal to a communication server. The user can give a 
priority order to each of these communication requests. 
In this variation example, these communication 
requests are handled in order of priority. 
[0084] For example, suppose a case in which a real 
time communication request is sent as the first prefer- 
ence and a packet transmission request is sent as the 
second preference from a radio terminal to a communi- 
cation control server in a state where mode 1 is set. 
[0085] In this case, if the real time communication 
request of the first preference has been rejected due to 
shortage of channels and the like, the process proceeds 
through step S7 (see Figure 3) and step S13 to step 
S101. The communication control server judges 
whether or not the packet transmission of the second 
preference can be performed. Hereupon, in case that 
the packet transmission can be performed, the commu- 
nication control server sends a packet transmission per- 
mission notification containing conditions for the packet 
transmission to the radio terminal (step S102). In case 
that a packet transmission cannot be performed, a 
rejection of request comes to be performed in the same 
way as the first embodiment (step S14). 
[0086] When the radio terminal receives the packet 
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transmission permission notification, it judges whether 
or not a packet transmission is necessary (step S103), 
and if necessary, H notifies the communication control 
server that it performs the packet transmission (step 
5 S104). 

[0087] As a result, according to the flow shown in Fig- 
ure 5, a packet transmission is performed from the radio 
terminal to the network side through the communication 
control server and the communication unit. Since the 

10 flow of a packet transmission was already described in 
the first embodiment with reference to Figure 5, the 
duplicated description is omitted here. 
[0088] According to this variation example as 
described above, even in case that the communication 

75 control server cannot meet a real time communication 
request of the first preference from a radio terminal, it 
can meet a packet transmission request of the second 
preference if possible, and can provide a user-friendly 
service. 

20 

< Second variation example) 

[0089] This variation example is obtained by replacing 
the flows of Figures 4 and 5 in the first embodiment with 
25 flows shown in Figures 7 and 8. The steps shown also 
in Figures 4 and 5 out of steps shown in Figures 7 and 
8 are given the same step numbers as those given in 
Figures 4 and 5. 

[0090] This variation example improves the operation 
30 in case that a real time communication request from a 
radio terminal cannot be satisfied and a communication 
reservation (mode 2) is performed. 
[0091 ] First, suppose a case in which a real time com- 
munication request is sent from a radio terminal to a 
35 communication control server when mode 2 is set, and 
this real time communication request is rejected due to 
shortage of channels and the like. In this case, the proc- 
ess proceeds through step S7 (see Figure 3) to step 
S16 of Figure 7 and the communication control server 
40 performs a reservation process for the communication 
request (steps S16 to S21). 

[0092] When the communication control server comes 
into a state where it can accept a packet transmission 
during the reservation process for this communication 
45 request, the communication control server sends a 
packet transmission permission notification containing 
conditions for the packet transmission to the radio termi- 
nal (step S1 10). 

[0093] When the radio terminal receives this packet 
so transmission permission notification, it judges whether 
or not the packet transmission is necessary (step 
S1 1 1). If the packet transmission is not necessary, the 
radio terminal sends a transmission-unnecessary notifi- 
cation to the communication control server (step S1 12). 
55 When the communication control server receives this 
transmission-unnecessary notification, it returns to a 
reservation process for a real time communication 
(steps S16to S21). 
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[0094] On the other hand, in case that a packet trans- 
mission is necessary in step S111. the radio terminal 
sends a packet transmission notification to the commu- 
nication control server (step S1 13). 

[0095] As a result according to a flow shown in Figure 5 
8, a packet transmission is performed from the radio ter- 
minal to the network side through the communication 
control server and the communication unit Since con- 
tents of a packet transmission are the same as those 
already described in the first embodiment with refer- 10 
ence to Figure 5, the duplicated description is omitted 
here. 

[0096] When the packet transmission has been com- 
pleted, the communication control server sends a trans- 
mission completion notification to the radio terminal is 
(step S38) and judges whether or not communication is 
reserved (step S114). In case that communication is 
reserved, the communication control server returns to 
step S16 (Figure 7). 

[0097] When a real time communication has come to 20 
be capable of being performed during a packet trans- 
mission process, the communication control server per- 
forms preferentially a real time communication process 
having a high priority order. In this case the packet 
transmission process being in the course of processing 2s 
is stopped. 

[0098] According to this variation example, even in 
case that a communication control server cannot meet a 
real time communication request from a radio terminal 
and is performing a communication reservation proc- 30 
ess, it can meet a packet transmission request from the 
radio terminal if possible, and so it is possible to provide 
a user-friendly service. 

< Third variation example > 35 

[0099] In this variation example, a data converting 
means is disposed between a radio terminal side inter- 
face unit 20 and a network side interface unit 21 . As the 
data converting means, for example, a transmission 40 
speed converting means such as a buffer and the like is 
conceivable- In case of using the transmission speed 
converting means, for example, it is possfole to perform 
control so as to perform a packet communication 
between a base station and a communication control 45 
server and perform a continuous communication having 
a low speed of 9600 bps, 32 kbps or the like between 
the communication control server and a radio terminal. 

< Fourth variation example) so 

[0100] In mode 3 (packet transmission mode) of the 
embodiment, a communication control server stores a 
packet from a radio terminal in a buffer, and this buffer is 
limited in capacity. Therefore, if a packet being too large 55 
in size is transmitted from a radio terminal, the packet 
cannot be fully stored in the buffer (namely, the packet is 
lost) and the radio terminal results in retransmission of 
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the packet and so the transmission delay of a packet is 
increased. Conversely, if a packet being too small in 
size is transmitted from a radio terminal, a time until a 
certain amount of data is stored in the buffer is length- 
ened and a delay time until each packet is transmitted to 
a network side is made long. Thereupon, in this varia- 
tion example, a communication control server presents 
the maximum size of a packet capable of being stored in 
a buffer to each racfio terminal, and controls each radio 
terminal to transmit a packet being proper in size. 
Thanks to this, it is possible to minimize the delay time 
in packet transmission and prevent occurrence of a 
packet loss. 

( Fifth variation example ) 

[0101] In the embodiments described above, a judge- 
ment is made as to judge whether or not a radio com- 
munication can be performed between a network side 
and a radio terminal by means of a communication unit. 
In this variation example, a further detailed judgement is 
performed. That is to say, even in case that a mobile 
object is within the service area of a base station, a sit- 
uation in which for example a voice communication can 
be performed but a broad-band communication cannot 
but be rejected may occur depending upon the amount 
of traffic passing the base station at that point of time. 
Thereupon, in this variation example, a communication 
unit takes radio resources capable of being provided to 
a user in a mobile object and a communication control 
server provides a communication service within this 
taken resources. For example, in case that available 
radio resources are deficient a communication control 
server controls the communication speed. For exarrple. 
in case that a broad-band communication request has 
been received when available radio resources are defi- 
cient, the communication control server performs con- 
trol so as to perform reservation for the communication 
request and perform a processing corresponding to the 
reserved communication request at a point of time when 
sufficient radio resources have been secured. 

< Sixth variation example) 

[0102] This variation exarrple adds a mobile Internet 
protocol to the communication control server 10a in Fig- 
ure 1 . In this case, it rs possible to form a LAN contain- 
ing radio terminals 1 1-j 0 * 1 to m) as subnets obtained 
by partitioning them with routers and accommodate 
such a LAN as a subordinate of the communication con- 
trol apparatus 10. In that case, each radio terminal 1 1-j 
accommodated in a subnet can remotely use a LAN 
environment in a LAN 15-j Q - 1 to n) accessed by the 
communication control server 10a even if the radio ter- 
minal 11-j does not have a mobile Internet protocol in 
itself. 
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< Seventh variation example) 

[0103] This variation example provides a communica- 
tion control apparatus 10 in a fixed space such as a 
home office instead of a mobile object and makes it per- 
form a channel control between a radio terminal near it 
and a base station. B: Second Preferred Embodiment 
[0104] Figure 9 is a block diagram showing the com- 
position of a communication control apparatus 10 in a 
second preferred embodiment of the present invention. 
The second embodiment of the invention is described 
with reference to Figure 9 in the following. Components 
in Figure 9 corresponding to the components of the first 
embodiment are given the same symbols as the first 
embodiment and description of them is omitted. 
[0105] Generally, in a mobile radio communication, for 
example when a railway vehicle comes into a tunnel or 
when an automobile runs on a road being poor in visibil- 
ity, a transmission loss is increased and communication 
is liable to become impossible. 

[0106] On the other hand, however, in case of such a 
mobile object as a railway vehicle, a regular bus or a 
regular truck whose running schedule is fixed in place 
and time, it is possible to estimate a time when it will 
come into a radio jamming area such as a tunnel from 
its running schedule. In addition, it is possible to correct 
a time when it will come into a communication jamming 
area on the basis of compensation data such as its run- 
ning position, running speed, running time and the like 
by checking its actual running state, and predict accu- 
rately a happening time of communication jamming. 
[01 07] And also in such a mobile object as an automo- 
bile having no fixed running schedule, it is possible to 
estimate occurrence of a communication jamming by 
detecting a communication obstacle existing in the for- 
ward direction of the mobile object by means of a radar 
and the like. 

[0108] Thereupon, in this embodiment as shown in 
Figure 9, a mobile radio communication control appara- 
tus 10 is provided with a detecting means 30. This 
detecting means 30 is means which estimates a time 
when a communication jamming will happen on the 
basis of a moving state of a mobile object and other 
data and informs a communication control server 10a in 
advance that the time will come. As a manner for inform- 
ing of a time when a communication jamming will hap- 
pen in this case, the following manners are conceivable, 
for example. 

a. To compute the hours when a communication 
jamming is expected to happen at regular time 
intervals and report one by one the predicted hours 
of occurrence of communication jamming to the 
communication control server 10a. 

b. To compute the hours when a communication 
jamming is expected to happen at regular time 
intervals and notify in advance the communication 
control server of occurrence of a communication 
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jamming at a point of time when a communication 
jamming is estimated to happen after a specified 
time (after 30 seconds tor example). 

5 [0109] In this embodiment, the following operation is 
performed by utilizing such a detecting means 30. 
[0110] First, when a communication request is given 
from a radio terminal 11-j, the communication control 
server 10a judges whether or not a communication jam- 
to ming will happen in a specified time on the basis of a 
report from the detecting means 30. 
[0111] In case that the communication control server 
10a has judged a communication jamming will happen 
in a specified time, it sets the communication request 

is from the radio terminal as a channel reservation state. 
[0112] After this, in case that a predicted time of 
occurrence of a communication jamming has elapsed 
and it is judged that a good communication can be per- 
formed at that point of time, the communication control 

20 server 10a establishes a communication channel 
between the radio terminal 11-j and the network side 
according to the reserved communication request. 
[0113] Furthermore, for example, when the radio ter- 
minal 11-j is performing communication, it may be 

25 judged that a communication jamming will happen in a 
specified time. In this case, the communication control 
server 10a terminates once the communication of the 
radio terminal 1 1-j and reserves the communication. 
[0114] After this, in case that a predicted time of 

30 occurrence of a communication jamming has elapsed 
and it is judged that a good communication can be per- 
formed at that point of time, the communication control 
server 10a reestablishes a reserved channel and 
restarts communication between the radio terminal 11-j 

35 and the network side. 

[0115] According to this embodiment, since occur- 
rence of a communication jamming due to coming into a 
communication jamming area is estimated and a chan- 
nel connection with a network side is performed utilizing 

40 a period in which no communication jamming happens, 
it is possible to prevent a channel interruption during 
communication and provide a user-friendly communica- 
tion service. C: Third Preferred Embodiment 
[01 1 6] Figure 10 is a block diagram showing the com- 

45 position of a communication control apparatus 10 in a 
third preferred embodiment of the present invention. 
[01 17] In this embodiment, the communication control 
apparatus 10 is provided with a judging means 40 for 
judging validity of a radio terminal 11-j. 

so [01 18] The judging means 40 judges the validity of a 
radio terminal 11-j with respect to a communication 
request from the radio terminal 11-j. and outputs the 
result of judgement to the communication control server 
10a. The communication control server 10a performs a 

55 channel establishing process for the radio terminal 11-j 
only in case that it has been judged that the radio termi- 
nal 1 1 -j has a system validity. 

[01 1 9] The judging means 40 may inquire of a switch- 
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ing station at the network side or another radio terminal 
about the system validity of the radio terminal 1 1 -j with- 
out judging by itself the system validity of the radio ter- 
minal 11-j. 

[0120] Concretely, this embodiment is effective to 
such a system as a public telephone system in which 
communication is performed by mounting a prepaid 
card, a credit card or the like into a radio terminal 1 1 -j. 
[0121] In case of applying this embodiment to such a 
system, the judging means 40 judges the validity of a 
radio terminal 11 -j by inquiring of an accounting appara- 
tus of a credit card company about such a user identifi- 
cation as a credit card number and a password, or 
checking for the remainder left in a prepaid card with an 
accounting apparatus of a switching station at the net- 
work side. 

[0122] According to this embodiment, it is posstole to 
prevent an illegal use of a radio terminal. 

Claims 

1 . A communication system comprising ; 

a communication network, 
one or plural base stations connected with the 
communication network, 
one or plural radio terminals, and 
a communication control apparatus disposed 
between the radio terminal and the base sta- 
tion for relaying information exchanged 
between the radio terminal and the network by 
performing a radio communication with the 
radio terminal and performing a radio commu- 
nication with the base station. 

2. A communication system according to claim 1, 
wherein the communication control apparatus is 
disposed in a mobile object and performs the relay- 
ing operation intended for a radio terminal inside 
the mobile object. 



3. 



A communication system according to claim 1, 
wherein the communication control apparatus com- 
prises: 

a communication control server for performing 
a channel control between the communication 
control server and a radio terminal, and for per- 
forming a channel control between the commu- 
nication control server and a base station; and 
a communication unit for performing a radio 
communication with the radio terminal and a 
radio communication with the base station, 
using radio channels established by the com- 
munication control server. 

A communication system according to claim 3, 
wherein the communication control server com- 



5- 



10 



15 



20 6- 



25 



30 



35 



40 



45 



8. 



50 



55 



prises means for transmitting a rejection of commu- 
nication request to a radio terminal in response to a 
communication request received from the same 
radio terminal, in case that the communication con- 
trol server cannot establish a radio channel corre- 
sponding to the communication request when 
receiving the communication request 

A communication system according to claim 3, 
wherein the communication control server com- 
prises means for reserving a communication 
request received from a radio terminal and for start- 
ing communication between the radio terminal and 
the network side after establishing a radio channel 
for the communication, in case that the communica- 
tion control server cannot establish a radio channel 
corresponding to the communication request when 
receiving the communication request. 

A communication system according to claim 3. 
wherein the communication control server com- 
prises means for sending a packet transmission 
request to a radio terminal in response to a commu- 
nication request received from the same radio ter- 
minal, and for storing packets which are received 
from the radio terminal, and for transmitting the 
packets thus received to the network after estab- 
lishing a radio channel for transmitting the packets 
between the communication control server and a 
base station, in case that the communication con- 
trol server cannot establish a radio channel corre- 
sponding to the communication request when 
receiving the communication request. 

A communication system according to claim 3, 
wherein the communication control server com- 
prises means for receiving a plurality of communi- 
cation requests having different priority from a radio 
terminal, and performing control of a radio channel 
between the communication control server and a 
base station corresponding to a communication 
request which is one of the communication 
requests and has a priority lower than a priority of 
other communication request when the communi- 
cation control server cannot respond to the commu- 
nication request having higher priority. 

A communication system according to claim 3, 
wherein the communication control server com- 
prises: 

(a) means for bringing a real time communica- 
tion request received from a radio terminal into 
a reserved state when the communication con- 
trol server cannot rapidly establish a radio 
channel between the communication control 
server and a base station in response to the 
real time communication request; 
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(b) means for sending a packet transmission 
permission notification to the radio terminal 
when a packet transmission can be accepted 
during the communication reservation; 

(c) means for storing packets which are trans- s 
mitted from the radio terminal and transmitting 
the packets to the network side by seizing an 
opportunity at which the transmission is possi- 
ble; and 

(d) means for making the radio terminal start 10 
communication corresponding to the communi- 
cation request being in a reserved state when 
the communication control server has estab- 
lished a radio channel for the communication 
between the communication control server and is 
a base station. 

9. A communication system according to claim 3, 
wherein the communication control server com- 
prises means for converting to each other data sent so 
and received between the communication control 
server and a radio terminal, and data sent and 
received between the communication control 
server and a base station. 

25 

10. A communication system according to claim 3, 
wherein the communication control server com- 
prises a mobile Internet protocol for controlling 
communication with a LAN. 

30 

11. A communication system according to claim 6, 
wherein the communication control server com- 
prises means for presenting the size of a packet 
capable of being stored to the radio terminal. 

35 

12. A communication system according to claim 3, 
wherein the communication unit comprises means 
for detecting radio resources capable of being pro- 
vided to the radio terminal, and the communication 
control server performs control for providing a com- 40 
munication service to the radio terminal within the 
detected radio resources. 

13. A communication system according to claim 1, 
wherein the communication control apparatus com- 45 
prises detecting means for estimating a time when 

a communication jamming will happen and, on the 
basis of the result of estimation, controlling how to 
handle a communication request from the radio ter- 
minal. 50 

14. A communication system according to claim 1 ( 
wherein the communication control apparatus com- 
prises judging means for judging a system validity 

of a radio terminal which has performed a commu- 55 
nication request. 

15. A communication system according to claim 2. 
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wherein the mobile object is a railway vehicle, an 
automobile, or a ship. 

16. A communication control method for controlling a 
radio communication performed between one or 
plural radio terminals and a network side, wherein; 

a communication control apparatus is disposed 
between the radio terminal and a base station 
of the network, and relays information 
exchanged between the radio terminal and the 
network by performing a radio communication 
with the radio terminal and performing a radio 
communication with the base station. 

17. A communication control method according to 
claim 16, wherein the communication control appa- 
ratus transmits a rejection of communication 
request to a radio terminal in response to a commu- 
nication request received from the same radio ter- 
minal, in case that the communication control 
server cannot establish a radio channel corre- 
sponding to the communication request when 
receiving the communication request. 

18. A communication control method as defined in 
claim 16, wherein the communication control appa- 
ratus reserves a communication request received 
from a radio terminal and starts communication 
between the radio terminal and the network side 
after establishing a radio channel for the communi- 
cation, in case that the communication control 
apparatus cannot establish a radio channel corre- 
sponding to the communication request when 
receiving the communication request. 

19. A communication control method as defined in 
claim 16, wherein the communication control appa- 
ratus sends a packet transmission request to a 
radio terminal in response to a communication 
request received from the same radio terminal, and 
stores packets which are received from the radio 
terminal, and transmits the packets thus received to 
the network after establishing a radio channel for 
transmitting the packets between the communica- 
tion control server and a base station, in case that 
the communication control apparatus cannot estab- 
lish a radio channel corresponding to the communi- 
cation request when receiving the communication 
request. 

20. A communication control method as defined in 
claim 16. wherein the communication control appa- 
ratus sends a packet transmission request to a 
radio terminal in response to a communication 
request received from the same radio terminal, and 
stores packets which are received from the radio 
terminal, and transmits the packets thus received to 
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the network after establishing a radio channel tor 
transmitting the packets between the communica- 
tion control server and a base station, in case that 
the communication control server cannot establish 
a radio channel corresponding to the communica- 
tion request when receiving the communication 
request 

21. A communication control method according to 
claim 16, 

wherein the communication control apparatus; 

(a) brings a real time communication request 
received from a radio terminal into a reserved 
state when the communication control server 
cannot rapidly establish a radio channel 
between the communication control server and 
a base station in response to the real time com- 
munication request; 

(b) sends a packet transmission permission 
notification to the radio terminal when a packet 
transmission can be accepted during the com- 

1 1 IUI IIVsOUWl I I VctUUII, 

(c) stores packets which are transmitted from 
the radio terminal and transmits the packets to 
the network side by seizing an opportunity at 
which the transmission is possible; and 

(d) makes the radio terminal start communica- 
tion corresponding to the communication 
request being in a reserved state when the 
communication control server has established 
a radio channel for the communication between 
the communication control server and a base 
station. 

22. A communication control method as defined in 
claim 16, wherein the communication control appa- 
ratus presents the size of a packet capable of being 
stored to the radio terminal. 
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A communication control method according to 
claim 16, wherein the communication control appa- 
ratus detects radio resources capable of being pro- 
vided to the radio terminal and provides a 
communication service to the radio terminal within 45 
the detected radio resources. 

A communication control method according to 
claim 16, wherein the communication control appa- 
ratus estimates a time when a communication jam- so 
ming will happen and, on the basis of this result of 
estimation, controls how to handle a communica- 
tion request from the radio terminal. 



25. A communication control apparatus comprising: 55 

a communication control server for performing 
a radio channel control between the communi- 



cation control server and a radio terminal, and 
a radio channel control between the communi- 
cation control server and a base station of a 
network; and 

a communication unit for performing a radio 
communication with the radio terminal and a 
radio communication with the base station, 
using each radio channel established by the 
communication control server, 
wherein the communication control apparatus 
relays communication between the radio termi- 
nal and the network. 

26. A communication control apparatus according to 
claim 25, wherein the communication control server 
comprises means for transmitting a rejection of 
communication request to a radio terminal in 
response to a communication request received 
from the same radio terminal, in case that the com- 
munication control server cannot establish a radio 
channel corresponding to the communication 
request when receiving the communication 
request. 

27. A communication control apparatus as defined in 
claim 25, wherein the communication control server 
comprises means for reserving a communication 
request received from a radio terminal and for start- 
ing communication between the radio terminal and 
the network side after establishing a radio channel 
for the communication, in case that the communica- 
tion control server cannot establish a radio channel 
corresponding to the communication request when 
receiving the communication request. 

28. A communication control apparatus according to 
claim 25, wherein the communication control server 
comprises means for sending a packet transmis- 
sion request to a radio terminal in response to a 
communication request received from the same 
radio terminal, and for storing packets which are 
received from the radio terminal, and for transmit- 
ting the packets thus received to the network after 
establishing a radio channel for transmitting the 
packets between the communication control server 
and a base station, in case that the communication 
control server cannot establish a radio channel cor- 
responding to the communication request when 
receiving the communication request. 

29. A communication control apparatus according to 
daim 25, wherein the communication control server 
comprises means for receiving a plurality of com- 
munication requests having different priority from a 
radio terminal, and performing control of a radio 
channel between the communication control server 
and a base station corresponding to a communica- 
tion request which is one of the communication 
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requests and has a priority lower than a priority of 
other communication request when the communi- 
cation control server cannot respond to the commu- 
nication request having higher priority. 

5 

30. A communication control apparatus according to 
claim 25, wherein the communication control server 
comprises: 

(a) means for bringing a real time communica- 10 
tion request received from a radio terminal into 

a reserved state when the communication con- 
trol server cannot rapidly establish a radio 
channel between the communication control 
server and a base station in response to the is 
real time communication request; 

(b) means for sending a packet transmission 
permission notification to the radio terminal 
when a packet transmission can be accepted 
during the communication reservation; 20 

(c) means for storing packets which are trans- 
mitted from the radio terminal and transmitting 
the packets to the network side by seizing an 
opportunity at which the transmission is possi- 
ble; and 25 

(d) means for making the radio terminal start 
communication corresponding to the communi- 
cation request being in a reserved state when 
the communication control server has estab- 
lished a radio channel for the communication 30 
between the communication control server and 

a base station. 



35. A communication system according to claim 25, fur- 
ther comprising detecting means for detecting a 
moving state of the communication control appara- 
tus and estimating a time when a communication 
jamming will happen, wherein the communication 
system controls how to handle a communication 
request from the radio terminal on the basis of this 
result of estimation. 

36. A communication control apparatus according to 
claim 25, further providing judging means for judg- 
ing a system validity of a radio terminal which has 
performed a communication request 



31, A communication control apparatus according to 
claim 25, wherein the communication control server 35 
comprises means for converting to each other data 
sent and received between the communication con- 
trol server and a radio terminal, and data sent and 
received between the communication control 
server and a base station. 40 



32. A communication control apparatus according to 
claim 25, further comprising a mobile Internet pro- 
tocol for controlling communication with a LAN. 

45 

33. A communication control apparatus according to 
claim 25, wherein the communication control server 
comprises means for presenting a size of a packet 
capable of being stored to the radio terminal. 

50 

34. A communication control apparatus according to 
claim 25, wherein the communication unit com- 
prises means for detecting radio resources capable 
of being provided to the radio terminal, and the 
communication control server performs control for ss 
providing a communication service to the radio ter- 
minal within the detected radio resources. 
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